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(54) IMPROVER FOR AMINO ACID-BASED PERIPEHRAL NERVE DISORDER 

(57)Abstract: 

PURPOSE: To obtain the subject chemical useful for 

preventing, treating and improving peripheral nerve 

disorder, AIDS, ulcerative colitis, rheumatism, 

inflammation, etc., composition improving action on 

nerve transmission rate.scavenging action on radical, ^ 

comprising a specific cysteine derivative. | 

CONSTITUTION: A cysteine derivative of the formula h w-na y wun 

(R1 is H or acetyl; R2 is H, lower alkyl; R3 is H or MHR 1 

carboxymethyl) (e.g. N-acetylcysteine) or its 

pharmacologically permissible salt as an active 

ingredient is mixed with an excipient such as lactose, 

corn starch or crystalline cellulose, a binder such as 

polyvinyl alcohol, methyl cellulose or 

hydroxypropylmethyl cellulose, a disintegrator such as 

starch or carboxymethyl cellulose, a lubricant such as magnesium stearate or talc and a flavor 
such as cocoa powder or menthol and pharmaceutical^ manufactured to give the objective 
improver for amino acidbased peripheral nerve disorder having improving action on nerve 
transmission rate.scavenging action on radical. 
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[Title of the Invention] Amino Acid Peripheral Neuropathy- 
improving Agent 

[Abstract] (Amended) 

The present invention relates to an agent for preventing, 
treating and/or improving pathologies such as peripheral 
neuropathy, diabetic peripheral neuropathy, acquired 
immunodeficiency syndrome (AIDS), ulcerative colitis, Crohn's 
disease, nephropathy, rheumatism, and inflammation, based on the 
nerve conduction velocity- improving action and the radical 
scavenging action. The agent is a peripheral neuropathy- improving 
agent comprising as an active ingredient a cysteine derivative 
represented by the general formula (I) : 
H 

R3SCHj— C-COOR 3 (I) 
NHR 1 

(wherein R 1 means a hydrogen atom or an acetyl group; R 2 means a 
hydrogen atom or a lower alkyl group; and R 3 means a hydrogen atom 
or a carboxymethyl group.) or a pharmacologically acceptable salt 
thereof. 



[Claims] 
[Claim 1] 

A peripheral neuropathy- improving agent comprising as an 
active ingredient a cysteine derivative represented by the general 
formula (I) : 
[Formula 1] 
H 

R3SCH 2 — C— COOR 5 (I) 
NHR 1 

(wherein R 1 means a hydrogen atom or an acetyl group; R 2 means a 
hydrogen atom or a lower alkyl group; and R 3 means a hydrogen atom 
or a carboxymethyl group.) or a pharmacologically acceptable salt 
thereof . 

[Claim 2] 

The peripheral neuropathy- improving agent according to claim 1, 
wherein the compound (I) is N-acetylcysteine . 

[Claim 3} 

The peripheral neuropathy-improving agent according to claim 1 
or 2, wherein the agent is a diabetic peripheral neuropathy- 
improving agent. 
[Claim 4] 

The peripheral neuropathy-improving agent according to any one 
of claims 1 to 3, wherein the agent is an agent for preventing, 
treating and/or improving a disease selected from the group 
consisting of acquired immunodeficiency syndrome, ulcerative 
colitis, Crohn's disease, nephropathy, nephritis, rheumatism, and 
inflammation. 
[Claim 5] 



An agent for preventing, treating and/or improving a disease 
against which an action of improving a nerve conduction velocity 
is effective, comprising as an active ingredient the compound (I) 
or the pharmacologically acceptable salt thereof according to 
claim 1. 
[Claim 6] 

An agent for preventing, treating and/or improving a disease 
against which a radical scavenging action is effective, comprising 
as an active ingredient the compound (I) or the pharmacologically 
acceptable salt thereof according to claim 1. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application Field] 

The present invention relates to an agent for preventing, 
treating, and/or improving pathologies such as peripheral 
neuropathy, diabetic peripheral neuropathy, acquired 
immunodeficiency syndrome (AIDS), ulcerative colitis, Crohn's 
disease, nephropathy, nephritis, rheumatism, and inflammation, 
based on the nerve conduction velocity-improving action and 
radical scavenging action thereof. 
[0002] 

[Background of the Invention] 

Peripheral neuropathy is a disease showing sensory disturbance, 
dyskinesia, hypotonia, areflexia, dysautonomia, or the like from 
any of various causes including heredity, injury, poisoning, 
inflammation, metabolic anomaly, malignant tumor, and tumor 
compression of peripheral nerve. The frequency of the disease is 
second highest after that of cerebrovascular disease among 
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patients visiting the department of neurology; there is a need for 
an agent widely effective in the treatment thereof. In the 
diagnosis, neurologic and biochemical examinations are performed, 
and the results thereof are considered in addition to complaints 
of subjective symptoms to make a comprehensive determination. 
Examples of the neurologic examination conducted here include 
peripheral nerve conduction (transmission) velocity, needle 
electrode examination, cerebrospinal fluid examination, and sural 
nerve biopsy. However, preferred is a non-invasive examination in 
which patients suffer from less pain; thus, the peripheral nerve 
conduction velocity is commonly used. 
[0003] 

The nerve conduction velocity is a velocity at which neural 
excitation is conducted (transmitted); generally, it is 
proportional to the thickness of axons and decreases with aging. 
However, the velocity markedly lowers for peripheral neuropathy 
and therefore provides an important indication in the diagnosis 
thereof. For that reason, the nerve conduction velocity is most 
trusted as an objective indication of nerve function. In addition, 
the peripheral neuropathy is considered to progress with a 
decrease in the nerve conduction velocity; a correlation has also 
been reported between the velocity and clinical symptoms such as 
numbness and pain (Lancet II, 758-762, 1983). Thus, in treating 
peripheral neuropathy, it is thought to be basically essential to 
improve the nerve conduction velocity as an objective indication 
of the degree of the disturbance in addition to subjective 
symptoms . 
[0004] 



Against such a background, there has been a need for a 
peripheral neuropathy-improving agent combining an action of 
improving subjective symptoms and an action of improving the nerve 
conduction velocity. 
[0005] 

[Conventional Art] 

Only two products, mecobalamin (methylvitamin B i2 ) and 
epalrestat, are currently approved as peripheral neuropathy- 
improving agents in Japan. Pharmacological effects thereof are 
described, for example, in Horm. Metab. Res. 20 (11): 717-18, 1988 
and Gendai Iryo 18 (Extra No. Ill): 449-466, 1986, respectively. 
[0006] 

Peripheral neuropathy-improving agents under development are 
predominantly aldose reductase inhibitors. This is because: in 
diabetes it is considered that a state of hyperglycaemia persists 
to stimulate the polyol metabolic pathway leading from glucose to 
fructose to accumulate sorbitol in peripheral nerve tissue to 
cause nerve conduction dysfunction (Am. Rev. Med. 26: 521, 1975, 
etc.); and an inhibitor of aldose reductase as a rate-limiting 
enzyme in the polyol metabolic pathway is estimated to be 
effective against the dysfunction. In addition to epalrestat, 
specific examples of the inhibitor include the following; 

(1) Panalrestat (Br. J. Pharmacol., 107 (4): 939-44, 1992; and J. 
Clin. Invest., 85 (5): 1410-20, 1990), 

(2) SNK-860 (Metab. Clin. Exp., 41 (10), 1081-6, 1992), 

(3) Imirestat (Diabetologia, 34 (6): 397-401, 1991), 

(4) Sorbinil (New Eng. J. Med., 319 (9): 548-555; Diabetologia, 29 
(3): 168-74, 1986; and Diabetes, 31 (9): 789-94, 1982, etc.), and 



(5) Statil (Tonyobyo, 33 (6): 485-7, 1990; and Metab. Clin. Exp., 

41 (7) : 778-82, 1992) . 

[0007] 

There are not many prior art peripheral neuropathy- improving 
agents under development other than aldose reductase inhibitors; 
examples thereof include the following; 

(1) 4-Methylcatechol (Exp. Neurol., 115 (2): 292-6, 1992), 

(2) Ganglioside (Arch. Int. Pharmacodyn. Ther., 287 (2): 211-23, 
1987), and 

(3) Cyclandelate (Acta Neurol. Scand., 84: 483-486, 1991). 
[0008] 

[Problems to be Solved by the Invention] 

As described above, the two products, mecobalamin 
(methylvitamin B 12 ) and epalrestat, are approved as peripheral 
neuropathy-improving agents in Japan. However, the nerve 
conduction velocity-improving action of mecobalamin cannot be said 
to be categorized as ^strong' and centers on the improvement of 
subjective symptoms. 
[0009] 

Epalrestat has a statistically and clinically significant 
nerve conduction velocity-improving action and can be said to be a 
useful agent. However, this agent is ineffective against 
peripheral neuropathy except that of diabetic origin because its 
action mechanism is based on aldose reductase inhibition. In 
peripheral neuropathy, the proportion of that of diabetic origin 
is not small, but, as described at the start, peripheral 
neuropathy is a pathologic condition based on any of various 
causes including heredity, injury, poisoning, inflammation, 



metabolic anomaly, malignant tumor, and tumor compression of 
peripheral nerve. Therefore, there is a need for clinical 
effectiveness against a wide range of peripheral neuropathies. 
Thus, in addition to epalrestat, many other aldose reductase 
inhibitors under development will also have indications limited to 
diabetic peripheral neuropathy because of their action mechanism 
and cannot be expected to be widely effective against all 
peripheral neuropathies. 
[0010] 

4-Methylcatechol, which is an agent for promoting the 
production of nerve growth factor (NGF) , is structurally similar 
to neurotransmitters such as dopamine, noradrenalin and adrenalin 
and still has affinity to neurotransmitter receptors. Thus, this 
agent simultaneously exhibits many pharmacological actions such as 
a neuroexcitatory and cardiac action and a vascular action in 
addition to a nerve conduction velocity-improving action based on 
• the promotion of nerve growth factor production; it can be said to 
be extremely difficult to clinically apply the agent as a medicine. 
[0011] 

Ganglioside is a glycolipid extracted from bovine brain, takes 
' part in the regeneration, differentiation and neogenesis of nerve 
cells, and has an action of promoting the regeneration of nerve 
fibers. However, this agent can be administered only through 
intramuscular injection because it is not absorbed when orally 
given and rapidly metabolized when intravenously administered; 
thus, it has the shortcoming of being unsuitable for long-term 
administration. 
[0012] 
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Cyclandelate, an agent already approved and clinically applied 
as a cerebral and peripheral blood flow-accelerating agent, was 
expected to increase the amount of blood circulation to the 
peripheral nerve to exhibit an action of improving the nerve 
conduction velocity because it improved blood fluidity (rheology) . 
However, a placebo-controlled double blind study in diabetic 
patients could not find the efficacy of the agent (Acta Neurol. 
Scand., 84: 483-486, 1991) . 
[0013] 

Aldose reductase inhibitors and other peripheral neuropathy- 
improving agents are thus present whose indication is limited to 
diabetic peripheral neuropathy. However, at present, there exists 
no agent which is effective even against a wide range of 
peripheral neuropathies from many other causes without the above 
limitation. Thus, there has been strongly desired a medicine 
having high clinical usefulness in the disease. 
[0014] 

[Means for Solving the Problems] 

N-acetylcysteine, which is a compound having long been 
clinically used as an airway mucolytic (expectorant) , is also a 
biosynthetic precursor of glutathione having a radical scavenging 
action and has already been known to suppress the production of 
tumor necrosis factor (TNFa) in an experiment using mice; the in 
vivo production of glutathione has also been known to be reduced 
in a diabetic state (Cellular Immunol., 140: 390-399, 1992, etc.). 
Therefore, the production of tumor necrosis factor (TNFa) is 
probably enhanced in diabetes; the present inventors have 
confirmed and reported that the production of endogenous tumor 
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necrosis factor {TNFa) is enhanced in spontaneous diabetic rats 

(Clin. Immune Immunopathol . , 62: 258, 1992). 

[0015] 

Endogenous tumor necrosis factor (TNFa) has pharmacological 
actions such as an action of proliferating vascular endothelial 
cells and vice versa, that is, an action of damaging vascular 
endothelial cells, and is considered to promote diabetic 
complications. From this, N-acetylcysteine has been expected to 
have efficacy against diabetic microangiopathy, macroangiopathy, 
and the like. However, this agent has previously been quite 
unknown to have efficacy against peripheral neuropathy. 
[0016] 

The present inventors who have long studied the 
pharmacological action of N-acetylcysteine have first found in an 
in vivo experiment that the compound (I) of the present invention 
surprisingly also has a nerve conduction velocity-improving action, 
thereby accomplishing the present invention. The cysteine 
derivative (I) according to the present invention is effective 
against a wide range of peripheral neuropathies because it has an 
action mechanism completely different from that of aldose 
reductase inhibitors. 
[0017] 

Thus, an object of the present invention is to provide a 
peripheral neuropathy-improving agent which has high clinical 
usefulness and targets a wide range of peripheral neuropathies. 
Specifically, the present invention relates to an agent for 
preventing, treating, and/or improving pathologies such as 
peripheral neuropathy, diabetic peripheral neuropathy, acquired 
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immunodeficiency syndrome (AIDS) , ulcerative colitis, Crohn's 
disease, nephropathy, nephritis, rheumatism, and inflammation, 
based on the nerve conduction velocity- improving action and the 
radical scavenging action, which comprises a cysteine derivative 
represented by general formula (I) or a pharmacologically 
acceptable salt thereof as an active ingredient. 
[0018] 

The cysteine derivative according to the present invention is 
represented by the following general formula (I) . 
[0019] 
[Formula 2] 
H 

R3SCH 2 — C— COOR 2 (I) 
NHR 1 

[0020] 

In the formula, R 1 means a hydrogen atom or an acetyl group; 
R 2 means a hydrogen atom or a lower alkyl group; and R 3 means a 
hydrogen atom or a carboxymethyl group (-CH 2 COOH) . 
[0021] 

Examples of the lower alkyl group for R 2 can include Ci to C 6 
alkyl groups such as a methyl group, an ethyl group, an n-propyl 
group, an i-propyl group, an n-butyl group, an i-butyl group, a t- 
butyl group, an amyl group, and a hexyl group. 
[0022] 

The cysteine derivative according to the present invention has 
one asymmetric carbon atom; there exist two optical isomers. 
According to the present invention, however, the derivative is not 



- 11 - 



limited to one of these isomers and may be a D-isomer, an L-isomer, 

or a mixture thereof. 

[0023] 

Specific examples of a preferred compound among these 
compounds include the following compounds. However, the present 
invention is not limited to the compounds. 
[0024] 

(1) Cysteine 
[0025] 
[Formula 3] 

1 

HSCH 2 — C— COOH 
NH 2 

[0026} 

(2) N-Acetylcysteine 
[0027] 

[Formula 4] 

? 

HSCH 2 — C— COOH 
HN — C — CH 3 
0 

[0028] 

(3) Methylcysteine 
[0029] 

[Formula 5] 
H 

HSCH 2 — C — COOCH 3 
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[0030] 

(4) Ethylcysteine 
[0031] 
[Formula 6] 
H 

HSCH a — C—COOC 2 H 5 
NH 2 

[0032] 

{5} Carboxymethylcysteine 
[Formula 7] 

H 

HOOCCH 2 SCH 2 — C— COOH 

[0033] 

In addition, the "pharmacologically acceptable salt" is not 
limited provided that it can form a salt with a compound of the 
present invention. Examples thereof include alkali metal addition 
salts such as sodium and potassium salts; alkali earth metal 
addition salts such as calcium and magnesium salts; amine addition 
salts such as ammonium, methylamine, diethylamine, cyclohexylamine 
and ethanolamine salts; inorganic acid addition salts such as 
hydrochlorides, sulfates, nitrates, hydrobromides, hydroiodides, 
perchlorates, and phosphates; sulfonic acid addition salt such as 
methanesulfonates, benzenesulfonates, and p-toluenesulfonates; and 
organic acid addition salts such as oxalates, maleates, fumarates, 
and succinates. 
[0034] 
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The compound (I) of the present invention can be easily 
obtained since it is widely commercially available as a medicine, 
cosmetic, food, chemical product, industrial raw material, or the 
like. 
[0035] 

Dosage forms thereof include, for example, oral formulations 
such as powders, fine granules, granules, tablets, coated tablets, 
and capsules, and injections. In the formulation, a formulation 
carrier can be used for production by an ordinary method. 
[0036] 

Specifically, to produce an oral formulation, the compound (I) 
is subjected to the addition of an excipient and optionally 
additives such as a binder, a disintegrator, a lubricant, a 
coloring agent, and a flavoring agent, followed by making powders, 
fine granules, granules, tablets, coated tablets, capsules, or the 
like by an ordinary method. 
[0037] 

Examples of the excipient used include lactose, corn starch, 
white soft sugar, glucose, mannitol, sorbitol, crystalline 
cellulose, and silicon dioxide. Examples of the binder used 
include polyvinyl alcohol, polyvinyl ether, methylcellulose, 
ethylcellulose, gum arabic, tragacanth, gelatin, shellac, 
hydroxypropyl methylcellulose, hydroxypropyl cellulose, 
polyvinylpyrrolidone, polypropyleneglycol-polyoxyethylene block 
polymer, and meglumine. Examples of the disintegrator used include 
starch, agar, powdered gelatin, crystalline cellulose, calcium • 
carbonate, sodium hydrogencarbonate, calcium citrate, dextrin, 
pectin, and carboxy methylcellulose calcium. Examples of the 
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lubricant used include magnesium stearate, talc, polyethylene 
glycol, silica, and hydrogenated vegetable oil. Examples of the 
coloring agent used include colorants, the addition of which to 
pharmaceuticals is approved. Examples of the flavoring agent used 
include powdered cocoa, menthol, aromatic powder, peppermint oil, 
Borneo camphor, and powdered cinnamon bark. Off course, the 
tablets and granules can be safely subjected to coating with sugar 
and optionally other proper coatings. 
[0038] 

The clinical dosage of the compound (I) according to the 
present invention varies depending on the medical condition, 
severity, age, and complications, is not limited, and depends on 
the formulation; however, the compound is typically administered 
at an oral or intravenous dose of 10 to 4,500, preferably 50 to 
3,000, more preferably 100 to 1,500 mg/day for each adult. 
[0039] 

The results of acute toxicity test of N-Acetyl-L-cysteine as a 
typical example of the compound of the present invention is then 
given. 
[0040] 

[Acute Toxicity Test] 

Methods: Single dose toxicity tests by intravenous 
administration were carried out in 7- to 8-week old Slc:SD rats (5 
males and 5 females) and ICR mice (5 males and 5 females) 

{vehicle; saline) . 

[0041] 

Results: The following table describes LD 50 values (mg/kg) . 
The LD 50 values (mg/kg) of epalrestat, a peripheral neuropathy- 
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improving agent currently approved in Japan, were also described 
as reference data. 
[0042] 
[Table 1] 

Acute Toxicity LD50 (mg/kg) of Intravenous 
N-Acetyl-L -cysteine or Epalrestat 



Animal Species 


Mouse 
(ICR ) <? 


Rat 

(SD ) <f 


N'Acetyl L cysteine 


3,800 


2,550 


Epalrestat 


0. 225 


0.225 



[0043] 

The table shows that the LD 50 values of the compound of the 
present invention are very high for the results of tests by 
intravenous administration, indicating a very high safety of the 
compound. In addition, as described above, the present compound 
has a track record of having been clinically used as an airway 
mucolytic (expectorant) for many years and has not been reported 
to have serious side effects. Thus, the compound can be said to be 
a compound whose safety has already been clinically established. 
[0044] 

To specifically explain the present invention, experimental 
examples are then described below as advantages of the invention. 
[0045] 

[Advantages of the Invention] 
[0046] 
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Methods: Streptozotocin (60 mg/kg) was administered to 25 
Wistar/Imaichi male rats aged 6 weeks (body weight: about 200 g) 
through the tail veins thereof to prepare diabetic rats. The 
diabetic rats were divided into 2 groups (group A (n = 13) and 
group C (n = 12)); a control group consisting of total 22 rats was 
also divided into 2 groups (group B (n = 11) and group D (n = 11) ) . 
An aqueous solution of N-acetyl-L-cysteine (50 mg/rat/day) as a 
typical example of the compound of the present invention was 
administered to the groups A and B. The body weight, blood glucose 
level and nerve conduction velocity were measured every 2 weeks 
and compared among the groups. The nerve conduction velocity was 
measured by stimulating the left sciatic nerve at the popliteal 
portion and the posterior tibial nerve at the lateral malleolus 
portion under ether anesthesia, obtaining evoked electromyograms 
from the plantar web space, and recording compound muscle action 
potentials (CAMP) . From this, the rise time thereof was 
determined; the proximal to distal distance was divided by the 

latency difference to calculate the conduction velocity. Table 2 

shows the constitution of each group. 

[0047] 

[Table 2] 



List of Construction of Each Group 



Group 


Diabetes 


N-Acetyl 
cysteine 


Number 
of Rats 


A 


+ 


+ 


13 


B 






11 


C 






12 


D 






11 
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[0048] 

Results: 

{1) Nerve Conduction Velocity 

Fig. 1 shows the time course of nerve conduction velocity of 
each group in the present experiment. 
[0049] 
[Fig. 1] 

Nerve C onduction Velocity (m/sec) ^ 




[0050] 

The nerve conduction velocity of the groups given N-acetyl-L- 
cysteine as a typical example of the compound of the present 
invention (groups A and B) was maintained to the same extent as 
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that of the control group (group D) and was significantly higher 
than that of the diabetic group not given N-acetyl-L-cysteine 

(group C) . Fig. 1 shows that the compound of the present invention 
suppresses a reduction in nerve conduction velocity in. the 
diabetic rats and therefore will have the effect of preventing, 
treating or improving peripheral neuropathy. 

[0051] 

(2) Blood Glucose Level 

Fig. 2 shows the time course of blood glucose level of each 
group in the present experiment. 
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[0052] 
[Fig. 2] 

Blood Glucose (mg/dl) 
6001 




[0053] 

As shown in Fig. 2, the blood glucose level of the diabetic 
groups (groups A and C) was significantly higher than that of the 
non-diabetic groups (groups B and D) , and the administration of N- 
acetyl-L-cysteine as a typical example of the compound of the 
present invention did not influence blood glucose level. These 
results suggest that the compound of the present invention 
improves nerve conduction velocity through another mechanism not 
based on the improvement of diabetes; one probable mechanism is 
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that the radical scavenging action of the compound (I) of the 
present invention takes part in the improvement of the velocity. 
[0054] 

(3) Body Weight 

Fig. 3 shows the time course of body weight of each group in 
the present experiment. 
[0055] 
[Fig. 3] 

Body Weight (g) 
600-1 
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[0056] 

As shown in Fig. 3, body weight increased with time in the 
groups given N-acetyl-L-cysteine, and no toxicological change was 
observed. 
[0057] 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a graph comparing the time courses of nerve 
conduction velocity in the groups. (The velocity is presented as a 
mean±standard deviation in each group.) 
[Fig. 2] 

Fig. 2 is a graph comparing the time courses of blood glucose 
level in the groups. (The level is presented as a mean±standard 
deviation in each group.) 
[Fig. 3] 

Fig. 3 is a graph showing the time courses of body weight in 
the groups. (The weight is presented as a meairfcstandard deviation 
in each group. ) 
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